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Extended-spectrum β-lactamases (ESBLs) are amongst the most important resistance determinants inEnterobacteriaceae, conferring resistance to oxyimino-cephalosporins. ESBLs have increased 23 remarkably in diversity and range recently, predominantly due to the evolution of cefotaximase 24 (CTX-M)-type enzymes, which are now the most common ESBLs worldwide, and are often found on 25 widespread transferable plasmids in Escherichia coli responsible for infections in both the community 26 and hospitals 4 . In addition to human-to-human transmission, the contribution of zoonotic transmission 27 by direct contact and through the food chain, to the diversity and mobilisation of blaCTX-M genes is 28 increasingly recognised.
14,18,21 CTX-Ms are organized into five clusters (groups 1, 2, 8, 9, and 25) 29
based on their amino acid sequences (www.lahey.org/studies/webt.stm), with group 1 (including 30 CTX-M-1, -3 and -15) and group 9 enzymes (including CTX-M-9, -14 and -27) widespread in 31
Europe. The insertion sequences (ISs), ISEcp1 and ISCR1 are responsible for the mobilization of 32 blaCTX-M and drive their expression. CTX-M genes are frequently found downstream of ISEcp1 within 33 modular multidrug-resistance regions (MRRs) on ESBL plasmids 9, 29 or are linked to ISCR1 on 34 complex class 1 integrons which also bear highly variable gene cassette regions encoding resistance to 35 multiple antimicrobial classes. The surveillance of non blaCTX-M -associated integrons in nosocomial 36 ESBL is important as ESBL genes co-localised on the same plasmid may be co-selected in the gut 37 flora of animals where these antibiotics are used and may be a source of zoonotic transfer to humans 38 through the food chain. Multiple copies of IS26 are also found on MRRs of ESBL plasmids and have 39 contributed to the spread of blaCTX-M by facilitating genetic rearrangements of these regions between 40 ESBL plasmids. 22, 29 The staggering propensity for recombination and transposition, afforded by this 41 genetic arrangement, has resulted in the evolution of mosaic ESBL plasmids of narrow and broad host 42 ranges that confer multidrug-resistance, including to the carbapenems 2 . In the healthcare setting, these 43 plasmids are likely to be vertically and horizontally disseminated, as the multi-drug resistant (MDR) 44 phenotype they confer provides a survival advantage to bacteria in the antimicrobial laden 45 environment. Their association with widespread successful E. coli clones, such as the pandemic47 were identified within and between the PFGE cluster groups and these arrangements were grouped 123 together for comparison with arrangements previously described in the literature. An ISEcp1 promoter 124 was located upstream of blaCTX-M in 53 isolates (56%). In 35 (66%) of these isolates, PCR detected the 125 full length ISEcp1 element (1.7 kb) including the tnpA transposase gene (0.8 kb). However, PCR 126 results suggested truncation within ISEcp1 in the other 18 isolates (no ISEcp1 amplicon was 127 detected), which apparently occurred within tnpA for 10 isolates where no tnpA amplicon was 128 detected either. Many of the genetic environments identified between ISEcp1 and blaCTX-M matched 129 the frequently described "W", "X" and "V" common regions first described by Eckert et al 9 the most 130 common of which was the 48 bp W spacer region typical of UK strains B to E
31
, which was present in 131 32 isolates in combination with blaCTX-M-15 and generally associated with high-level cefotaxime 132 resistance (MICs ≥128 µg/ml). PCR and sequencing confirmed reversely oriented IS26 inserted 133 within the terminal inverted repeat of ISEcp1 (24 bp before the 3' end of ISEcp1) and upstream of 134 blaCTX-M-15, as described previously for UK strain A 31 in all but one (33/34) PFGE cluster A isolates 135 and an ST131 isolate from cluster J. These 34 isolates also contained the alternative 'promoter X' 136 region with -35 TTCATG and -10 GGGGATGAT sequences positioned 140 bp and 115 bp, 137 respectively, upstream of the blaCTX-M-15 start codon within IS26, conferring variable levels of 138 cefotaxime resistance as described previously. 7 The remaining PFGE cluster A isolate contained 139 blaCTX-M-14 downstream of ISEcp1. The ISCR1 element was located upstream of blaCTX-M-9 as part of a 140 complex class 1 integron in all three PFGE cluster G isolates, which upon sequencing resembled the 141 sul1-type integron In60-D.
20 ISCR1 was also detected upstream of a blaCTX-M-2 gene as part of an In35-142 like complex class 1 integron. 143
Integron content of ESBL E. coli clinical isolates 145
bearing blaCTX-M as described above and these are indicated in Table 2 . The remaining isolates 147 contained class 1 integrons associated with resistance to agents such as trimethoprim, sulphonamides 148 and aminoglycosides. Nine distinct class 1 integron variable region amplicons of different sizes were 149 detected and their distribution amongst PFGE clusters is summarised in Table 2 and details of each  150   individual isolate are given in supplementary Table 2 . Seven isolates produced more than one 151 amplicon, indicating multiple class 1 integrons were present. Six isolates contained class 2 integron 152 variable regions of 2.2 kb (dfrA1-sat1-aadA1), five of which also contained a class 1 integron. The 153 most common class 1 integron variable region was 1.7 kb (dfrA17-aadA5), present in 54% of isolates. 154
Most integron variable regions identified in this study contained genes for trimethoprim (dfr) and 155 streptomycin/spectinomycin (aad) resistance. The presence of dihydrofolate reductase-containing 156 integrons correlated with resistance to trimethoprim and/or trimethoprim/sulfamethoxazole in all 157 clinical E. coli isolates. However, streptomycin or spectinomycin susceptibility was unknown for 158 ESBL-EC as they were not routinely tested for. Gene cassettes conferring resistance to gentamicin 159 and tobramycin were detected infrequently, were co-localised with a chloramphenicol resistance gene: 160 either cmlA1, cmlA6 (sporadic isolates) or catB8 (cluster G isolates). Although susceptibility patterns 161 to chloramphenicol were untested, the presence of either aacA4 or aadB correlated with phenotypic 162 resistance to gentamicin in all five strains with these gene cassettes. Class 1 integron carriage in our Dublin ESBL-EC collection (66%) was similar to that 211 recorded in a longitudinal study of ESBL-EC isolates from Madrid (67%) 16 but lower than recorded in 212 clinical E. coli isolates collected from 1998-2004 in Guangzhou, China (86%). 28 As previously 213 reported, a low prevalence of complex class 1 integrons containing blaCTX-M was found 16 . 214
Interestingly, dfrA17-aadA5 was the most common integron array in the present study (54%) and the 215 Chinese study (36%). This integron was also detected in Madrid and is globally disseminated in E. 216
coli.
11,16,22,28 Class 1 integrons are frequently associated with Tn21-like transposons 15 or multiple 217 copies of IS26 on large conjugative plasmids in clinical Enterobacteriaceae, which facilitate the 218 mobilisation of drug resistance elements among plasmids by homologous recombination. 22, 29 This 219 may explain the presence of the dfrA17-aadA5 integron on at least four different IncF type plasmids 220 in our E. coli collection. The epidemic distribution of host strains, as exemplified here by UK strain 221 A, may account for its high prevalence. 222
Six of the nine distinct integron variable regions identified in the present study, including all 223 those identified in multiple isolates, were documented previously in a study carried out at theVeterinary Hospital, University College Dublin during 2007. 13 The authors characterised consecutive 225 MDR E. coli isolates from predominantly faecal samples of horses (44), cattle (17), pigs (9), dogs (3) 226 and a sheep, reporting high carriage rates of class 1 integron gene cassette regions (76%). None of the 227 veterinary E. coli isolates belonged to the B2 phylogenetic lineage which is mainly associated with 228 infections in humans. 13 Nonetheless, the identification of matching class 1 integron variable regions 229 exemplifies a possible reservoir for these antimicrobial resistance determinants, which may evolve in 230 the commensal E. coli of companion and food animals amidst the selective pressure of veterinary 231 antimicrobial use and transfer to strains causing human disease. 8, 18 The widespread and lengthy use of 232 trimethoprim and sulphonamides in veterinary medicine has been implicated in the evolution and 233 persistence of integron-bound resistance genes of the dfr and sul families. 25 Likewise, the aad genes 234 for streptomycin resistance are positively selected for in animals, where it is used as a first-line drug 235
for Gram-negative infections. One can speculate that co-carriage of ESBL genes on integrons or 236 indeed plasmids containing these gene cassettes may drive their co-selection and propagation in the 237 gut flora of animals treated with veterinary antimicrobials. 238
We noted a local dominance of multi-replicon IncF and IncI1 plasmids amongst CTX-M 239 producing ESBL-EC in Dublin and identified four new RSTs. The range of IncF replicon sequences 240 identified in this small cross section of ESBL-EC isolates from the same geographical location 241 demonstrates the diversity in ESBL-bearing IncF plasmids. The diversity of STs amongst the ten 242 transferred IncF CTX-M plasmids contrasts with the phylogenetic homogeneity of the host isolates, 243 7/10 (70%) of which belonged to the ST131 pandemic clone. This reflects the plasticity of IncF 244 plasmids, which contain multiple hotspots for genetic recombination. 22 The success of conjugation 245 (18) and transformation (10) of CTX-M plasmids was limited. Low success of conjugation may be 246 explained by assuming that the replicon type FΙΙ-FΙA (pEK499-like) plasmids detected here in 41 247 strains, including PFGE cluster A, lack the requisite traW to traX genes for conjugation, as has been 248 shown previously. 29 Nonetheless, the importance of horizontal transfer in the dissemination of 249 blaCTX-M and of trimethoprim and aminoglycoside resistance genes on class 1 integrons is evident, 250
given their frequent location on conjugative plasmids.with those previously identified throughout Europe in both human and animal E. coli isolates. 253
Identical ESBL genes, plasmids and strains of E. coli have been identified in Dutch poultry, chicken 254 meat and humans. 14, 21 There are relatively few studies on the prevalence of 
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